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I. INTRODUCTION

In part I (Mendelsschn 1978b), optimization techniques for
stochastic models were used to analyze policy choices for salmon
runs in Bristol Bay, Alaska. In that instance, stochastic models
of the fishery were available, but no comparable policy analysis.
Policies that optimized total expected (discounted) yield were
found; peolicies that were optimal when year to year fluctuations
had a cost were also found; and estimates of the risk entailed due
to uncertainty about estimates of the model's parameters were also
considered.

TIn this paper, similar techniques are used to improve upon an

existing analysis, that of the northern anchovy, Engraulis mordax

(MacCall 1978; Pacific Fishery Management Council 1978). Policies
are found that improve upon present policies on almost every
management criteria, whether the main objective be biological (total
harvest), economic (total expected discounted value of the catch),
protection of the stock, or being certain that the industry is not
shut down often and needlessly. Further, it is shown that the policy
that maximizes the total harvest does mot close the fishery 2 out of
3 years, as stated in the Pacific anchovy management plan (Pacific
Fishery Management Council 1978). Finally, the optimal policies can
be explained in terms of the underlying assumptions of the model
used. This allows the decisionmaker to decide how much weight to
give the results of the model, depending on how realistic he or she

feels these critical assumptions are.
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Two points should be emphasized at the outset. The present
policies are based on a thoughtful look at past experience, and
an insightful look at what were thought to be sound alternative
policies. The problem arises in that these policies are selected
on an ad hoc basis, and our intuition on stochastic models is not
always as we would believe. The present paper improves upon this

analysis by optimizing, for any given objective, over all possible

decision rules. It is this fact that makes possible the finding of

policies that are improvements on every criteria.

Secondly, the results presented here show how to improve upon
the policy analysis for anchovy, but do not necessarily imply that
the present management schemes, all things being considered, are
not more acceptable. This seeming contradiction arises because a
model's main purpose is insight; the actual decision process
includes many factors not included in the model. These factors
include balancing political pressures from the different interest
groups, biological and economic intuition or insights gain from
experience with the fishery, and the similarity with past management
policies. The latter point is particularly important, for it is
often difficult to implement radically different management schemes,
and decisionmakers often feel "safer" (less risky) with "the

devil they know," rather than the devil they don't know.
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II. THE MODEL
The model used was developed by MacCall (1978) and is also
described in detail in the Pacific anchovy management plan (Pacific
Fishery Management Council 1978). Let X, be the biomass at the
start of period t, Ft the fishing effort during period t, and dt
a random variable that is independent and identically distributed

through time. Then in general form the model is:
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where dt is distributed as N(0, 0.2294). This can be simplified

somewhat by noting that:
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The transition has a deterministic term for mortality in the
present biomass, and a stochastic term for larval recruitment to
the fishery.

Catch, therefore, is a random variable also, given by:
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To set this up in a manageable form for numerical work, four
things need to be decided:
(i) an objective function,
(ii) the decision variable, and any constraints on its value,
(iii) a grid over which to discretize the problem,
(iv) a methodology to redefine the problem over the discrete grid.
For (i), two objective functions are used throughout. The first
maximizes the expected total discounted harvest. More formally, if
E is the expectation operator, the objective is to:

. @ t-1
maximize E L o C 0 <a<l (2.3

t=1 t N

where Ct is the random variable catch, and the system satisfies all
the constraints in (2.1) and (2.2). If o = 1, the equivalent

criterion is to maximize the expected per period harvest, or

T

E ce
maximize 1lim E Eﬁ}———
T > 0

Economic considerations are taken into account more explicitly,

by using a one-period return of:

-0.4

- a -5 2,
V(Ct,xt) = (59.67}<Ct) {(1.8953 x 10 x Ct) (10315 x Ct X X j]

(2.4)

so that the objective is to maximize the expected total discounted

economic value

. . o t=1
maximize E L o

v(C ,x.) (2.5)
t=1 e



5
The derivation of V(Ct’ xt) is given in full detail in the
Pacific anchovy management plan (Pacific Fishery Management Council
1978). However, it bears closer examination. For fixed Xys

V-, xt) is concave in Ct' Therefore, taking the partial derivative

with respect to Ct:

-0.4
t

v[l](ct, x,) = 59.67 = (3.7906 x 107 x ¢) - (18315 x x,°° )

It can readily be seen that for x < 392,900.8661 this function
achieves its maximum at zero, where it has a value of zero. This
states, however indirectly, that the industry prefers being shut
down if the population size is too small, and that it has no fixed
costs when shut down. As will be seen, many of the optimal policies
exploit the fact that the industry faces zero costs when not
harvesting.

For each run, the stationary distribution of the Markov chain
induced by an optimal policy is calculated. This makes it possible
to calculate the average catch per period, its variance and standard
deviation, the median population size and catch, and the percent
time the population is less than a given amount. The latter is
particularly important in that recreational fishers have come out in
favor of no commercial fishing if the population falls below 1 million
tons. Thus the percentage of time there is no fishing can be
calculated. It will be seen that this "cutoff," per se, does not
by itself accomplish what appears to be the true goal of the
recreationalists, that is to keep the probability that the population

is less than 1 million tons at an acceptable level.
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For (ii), there are two possible decision variable, catch or
eoffort. 1In the Pacific anchovy management plan catch is used
(Pacific Fishery Management Council 1978). Here, effort is the
decision variable. The reason for this is that catch is a random
variable. Thus, any observed catch could have come from an almost
infinite combination of wvalues of Ft and dt. However, the wvalue of
Ft is needed to calculate the transition probabilities. It is not
clear in MacCall (1978) and the Pacific anchovy management plan
(Pacific Fishery Management Council 1978), how the iterative
procedure described finds the value of Ft' On the other hand, Ft
is a deterministic variable in the model; and, once given an optimal

policy, it is easy to calculate the expected catch in a period for

any combination of X, and Ft.
A more important problem is what bounds should be put on Ft?

Clearly, F, > 0. However, at the present time the fishers do not

t
have the capacity for unlimited effort. The analysis of an expected
catch quota will be very different if it 1is assumed that the entire
quota is taken compared with an analysis where it is assumed that
only part of the quota is taken. However, information does not
exist to determine which of these is the actual case. To look at
this problem, runs were done with gsuccessively increasing upper
bounds on Ft' These runs were analyzed for two things: where the
policy no longer changed as the bound increased; and where the
expected catch from most population sizes became much larger than
anything ever caught before. Upper bounds of 0.1, 0.2, 0.4, and

0.6 were tried. It will be seen that a constraint of the form

0 S-Ft < 0.1o0r0 JF 2 0.2 seems to be the most realistic.
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Also, to examine the effects of 1imitiﬁg harvests if the
population size is less than 1 million tons, identical runs were
done where Ft =0 if X, < 1 million tomns.

A grid size of 50 equally spaced points between 0.073 and
3.649 was used. Previous computational experience (Mendelssohn
1978a) suggests that a 50-100 point grid is necessary to insure
numerical accuracy, particularly when calculating the tail prob-
abilities of the stationary distribution. Using 3.649 as an upper
bound (actually all states > 3.649 are put into this state) is a
conservative procedure, in that it rules out infrequent but very
large "potlatches' that would occur otherwise. This makes it less
desirable to allow the population to get very large; lowers the
estimate of the mean catch; and overestimates the probability of
being in the lower population sizes. Thus, if the policies are an
improvement in each of these categories, we can feel safe that the
grid choice, if anything, made it more difficult to obtain
improvements.

Equation (2.1) was discretized as follows. Let ® be the standard

normal integral. From (2.1):

Pr{xt+1 j_w} = Pr{s[xt, Ft’ dt}-i w} = Pr{d_ﬁ ln(a(xtj)}

where a(xt) is given by equation (2.1).
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Then from the normality of d:

Pr{d < ln(a)} =®(l_t;.(_@l)

where 0 = 0.479. Let X, X, be two adjacent points on the grid.

For any Ft’

1 1
Pr{xt+1.ﬁ le Xe» Ft} = ¢(_E~§£521) - ¢>( n g(xl))

that is, the total probability of going to any state in the interwval
(xl, xz]. The mathematics and convergence issues of this procedure
are discussed in Bertsekas (1975) and Whitt (1978); note that this
procedure is different from that used in MacCall (1978) and the
Pacific anchovy management plan (Pacific Fishery Management Council
1978), where point densities are used, and then are normalized by

dividing through by the sum of the probabilities.

The point estimate of expected catch is used. (It would be a
worthwhile effort to repeat this analysis trying differing returns—
for example, averaging the returns aggregated into any state-action
pair, as in Mendelssohn 1978a.) This is calculated by noting that

the random variable enters into (2.2) at only one spot:

3.649xt
0.19C + 0.305 L

0.647 ()

It is well known that if d ~ N(m, 02), then ed is a lognormal

random variable with mean exp{m + Vz 02}. Therefore, the expected

catch is:



F

t (1—e'(Ft+°'8)) + 0.647 1.1216(

3.6491(t ~(0.8)
—x x,C
F£+0.8 t )

0.190+0.305 x,_ T %t

T T | ~(0.152F +0.16)
0.76Ft-+0.8
All runs are solved using dynamic programming, using several
techniques to accelerate convergence and eliminate actions (Porteus
1971; Hastings and van Nunen 1977). It is well known that if the
one-period return is a random variable, then the solution to (2.3)

or {2.4) is the limiting solution to the following system of

recursive equations:

(2.6)

£ (x) = 0<‘;a<xF {G(x, F) +aEf _, (slx, F, d])}
-  — max

where G(x, F) is the expected one-period return.

III. RESULTS
A total of 17 runs were performed, each with a discount factor
of & = 0.97. This is in the range of discount factors that would
arise if it is assumed that the true interest rate is the present
interest rate less the rate of inflation. Test runs were performed
for discount factors ranging from 0.95 to 0.99, with little change
Table 1 in the results. The results are summarized in Tables 1l(a-p). Imn

the latter tables, for each state, optimal effort is given, the
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expected one-period catch is given, and the cumulative percent of
time (in the long run) the population is less than or equal to the
given state is also given. At the end, summary statistics of each
run are given.

As mentioned before, it is difficult to compare these runs with
present options in terms of mean catch per period, and its variance,
because if larger effort is allowed, these figures will increase.
Instead, we will see that policies have been found that produce
expected catches as large as if not much larger than anything the
commercial fishery has caught to date, at the same time producing
population statistics that improve upon the present policies in
every category.

The first question is, which of the rums is the correct model?
In the 6é-year period 1970-76, the commercial fishery had catches of
96,242; 44,853; 69,100; 132,636; 82,817, and 158,511 tons. A look
at Tables 1(c and d) show that this is well within the range of
catches if Fmax = 0.1. In faet, at that maximum fishing effort,
the mean catch is roughly 176,500 tons and the median catch is
174,000 tons, assuming the United States gets it all. However,
Mexico is building up its reduction fishery, and cooperative
management is the goal. This may mean the United States would be
allotted only 50%-70% of the catch for a given year. If the United
States would get only 70% of the catch, this is still a reasonable
model, because roughly 40% of the time the expected yearly catch

would be greater than any previous United States catch.



11
1f the United States retains only 50% of the catch, then
Fmax = 0.1 would be restrictive on growth in either the United

States or the growing Mexican fishery. However, if Fmax = 0.2,
then even if the United States were to get only 50%Z of the
expected catch each year, Tables 1(e-h) predict roughly 50% of
the time the expected catch to the United States would be higher
than any previous catch, and 25% of the time the expected United
States catch would be 50% greater than any previous catch.

Thus, in terms of actually modeling the present fishery
Fmax = 0.1 or 0.2 appears to be the most realistic assumption.

The other runs show what might be expected if there is unlimited
growth in fishing capacity, be it from the United States or from
Mexico.

Let Fmax = (0.2, Two runs were performed with no other
restrictions on the fishery, one with expected total discounted
harvest as the objected, and the other with expected total discounted
economic value as the objective. These are summarized in Tables 1
(e and g). As mentioned earlier, both optimal policies, even
assuming the United States gets only 50% of the expected catch
each year, produce catches well in excess of the largest amount
yet caught by the United States commercial fishery.

When expected total discounted harvest is the criterion, an

optimal policy has no catch only 1.07% of the time, and the population

gize is less than 0.5 million tons 3.3% of the time, and less than
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1 million tons only 17.13% of the time. These compare more than
favorably with any policy given in the Pacific anchovy management
plan (Pacific Fishery Management Council 1978) (see Table 2 for
the comparable statistics). When expected total discounted economic
value is the criterion, there is no fishery only 8.8% of the time,
and the population is less than 0.5 million tons only 1.97% of the
time, and less than 1.0 million tons only 14.72% of the time. Again
these statistics improve upon every comparable statistic in the
Pacific anchovy management plan, while allowing for expansion in the
total fishery.

Comparable statistics are given in Tables 1 (b-d) assuming that
Fmax = 0.1. Again, each optimal policy improves upon any of the
comparable policies in the Pacific anchovy management plan. The
question then is what is gained by not allowing harvesting for
population sizes less than 1 million tons or less than 0.5 million
tons. The latter is examined in Table 1 (d), and the only major
difference is the increase in the percent years there is no fishery.

Tables 1 (f and h) give comparable runs to the two discussed
previously, except now if the population size is less than 1 million
tons, no harvesting is allowed. What is noticeable is that particu-
larly when expected total discounted economic value is the criterion,
little or no change occurs in the percent time the population is
less than 1 milliom tons, but the percent time there is no fishery
increases dramatically. To achieve a reduction in the percent time
the fishery is less th;n 1 million tons requires either a cutoff
point greater than a million tons and a concomitant increase in the

number of years there is no fishery, or else a decrease in the fishing

effort, which has the effect of limiting industry expansion.
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The remaining runs show the probable effect of allowing a much
larger commercial fishery. There are four moticeable trends when
following an optimal policy.

Firstly, as the mean catch per period increase, s0 does the
variance, the percent time there is no fishery, and the percent
time the population is less than 1 million tons.

Secondly, an optimal policy for the expected total discounted
value does not change as Fmax increases above 0.4. This implies,
that according to the model, unless economic conditions change, the
industry will not want to expand beyond this point.

Thirdly, adding the "cutoff" at 1 million tons does not produce
much of a change in the percent time the population is less than
1 million tons, while it always increases significantly the percent
time there is no harvest.

Finally, for runs where the objective is to maximize expected
total discounted economic return, no harvesting occurs at population
sizes less than 876,000 tons, which is not very different than the

avowed position of the recreationalists.

IV. DISCUSSION
More important than finding optimal policies is to discover
why the particular policies found are optimal, amd what this says
about the strength and weaknesses of the model. The first consid-
eration is when "amount harvested" is the only consideration, why is

the fishery fished so hard? The second question is, why, even with
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economic considerations included, is it optimal not to fish with
ever increasing frequency as maximum fishing effort increases?
And finally, why doesn't a cutoff produce the desired result of
protecting the stock?

The first question, and to some extent the last gquestion, can
be answered by examining more closely equation (2.1). DNote again,
there is a deterministic part representing mortality of present
biomass, and a random part representing recruitment which only

depends on bicmass at the beginning of the period. Even with no

fishing, in 1 year 55% of the present biomass dies, and in 2 years
80% of the standing biomass dies. Since recruitment, according to
the model, only depends on biomass levels at the beginning of the
period, the "discounted" value (discounted by mortality) of a tom
of biomass is quite low. If it isn't harvested now, it will pretty
much be dead anyway, and will add little additional to the recruitment
2 years hence. Thus, it is desirable to harvest hard. Cutoffs do
not protect the stock, because the recruitment next year, which is
a large part of the population, only depends on the population size
before harvesting.

The answer to the second question has already been alluded to
in section II. There it is shown that the one-period economic return
function is such that at certain biomasses the return will be

negative if harvesting commences, but zero if there is no harvesting.

Clearly, however, there is a cost to the industry from not

harvesting; in fact, there is probably a cost 1f the catch is below
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a certain minimum level; all of which would make it more desirable
from the industry's point of view, to harvest a small amount rather
than none. When the model does not specify such "smoothing costs’
(or fixed costs, or start-up and shutdown costs) an optimal policy
will not be concerned with how frequently no fishing occurs. And
this is reflected in the policies found here, as well as the present
policies discussed in the Pacific anchovy management plan (Pacific

Fishery Management Council 1978).

Finally, we have already answered partially the third question.
But more importantly, the question remains is a "eutoff" the under-
lying aim of the recreationalist? Probably not. More than likely,
what they desire is to keep the probability that the fishery is less
than 1 million tons at acceptable levels, whether it be by "cutoff,"
reduction of fishing effort, or whatever.

A1l models represent restrictions and abstractions of reality,
and these shortcomings should be guides to use and not reason for
dismissal. Given the results in section III, and the present
capacity of fishery, good policies camn be found that allow for
expansion in the fishery, almost never have no fishing, and ‘have a
smaller chance for low population sizes than present policies.
However, if the fishery expands to a point where maximum fishing
effort is greater than 0.2, it will be important to do two things.
First, to more properly evaluate the impact on industry, fixed
costs and "smoothing costs'" should be researched, to include the

real costs faced by industry if there is no harvest.
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From the recreationalist point of view, the stochastic dynamic
program (2.6) can be optimized subject to a constraint on the long-
run probability of having a standing biomass less than 1 million
tons. This constraint can parametrically be made tighter and tighter,
so that the tradeoff between this constraint and the value of the
fishery can be examined. Details can be found in Mendelssohn (1977).

Finally, all the policies considered depend on knowing the
standing biomass each year. This can be a costly undertaking. How
much would be lost if the estimate were obtain only every 2 years,
or 3 years, as compared to the savings from not obtaining the
estimate? How should an optimal policy be modified to take into
consideration this decrease in information about (or increase in
risk in) the system? These questions will be examined in a future

paper.
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Table 1 (a).--Base case—-no harvesting allowed.

State Stationary distribution
0.073 0.0000
0.146 0.0001
0.219 0.0005
0.292 0.0014
0.365 0.0031
0.438 0.0057
0.511 0.0094
0.584 0.0143
0.657 0.0205
0.730 0.0280
0.803 0.0368
0.876 0.0468
0.949 0.0580
1.022 0.0740
1.095 0.0839
1.168 0.0984
1.241 0.1138
1.314 0.1301
1.387 0.1472
1.460 0.1649
1.533 0.1832
1.606 0.2020
1.679 0.2213
1.752 0.2409
1.824 0.2608
1.897 0.2808
1.970 0.3010
2.043 0.3212
2.116 0.3414
2,189 0.3615
2.262 0.3814



Table 1 (a).--Continued.

State Stationary distribution
2.335 0.4012
2.408 0.4207
2.481 0.4400
2.554 0.4590
2.627 0.4776
2,700 0.4959
2.773 0.5138
2.846 0.5313
2.919 0.5484
2.992 0.5651
3.065 0.5813
3.138 0.5971
3.211 0.6124
3.284 0.6273
3,357 0.6417
3.430 0.6557
3.503 0.6692
3.576 0.6823
>3.649 1.0000

Median population = 2.700
0.57%
5.8%

% time population is < 0.5

% time population is < 1.0



Table 1 (b).--Total discounted harvest, effort restricted to be

no greater than 0.1.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution
0.073 0.000 0.000 0.0000
0.146 0.100 0.011 0.0004
0.219 0.100 0.017 0.0018
0.292 0.100 0.023 0.0046
0.365 0.100 0.028 0.0092
0.438 0.100 0.034 0.0156
0.511 0.100 0.039 0.0239
0.584 0.100 0.045 0.0340
0.657 0.100 0.051 0.0457
0.730 0.100 0.056 0.0590
0.803 0.100 0.062 0.0737
0.876 0.100 0.067 0.0897
0.949 0.100 0.073 0.1069
1.022 0.100 0.078 0.1251
1.095 0.100 0.084 0.144]1
1.168 0.100 0.089 0.1638
1.241 0.100 0.094 0.1841
1.314 0.100 0.100 0.2049
1.387 0.100 0.105 0.2261
1.460 0.100 0.111 0.2476
1.533 0.100 0.116 0.2692
1.606 0.100 0.121 0.2909
1.679 0.100 0.127 0.3126
1.752 0.100 0.132 0.3342
1.824 0.100 0.137 0.3557
1.897 0.1060 0.143 0.3770
1.970 0.100 0.148 0.3980
2.043 0.100 0.153 0.4187
2.116 0.100 0.158 0.4391
2.189 0.1060 0.164 0.4591



Table 1 (b).-—Continued.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
2.262 0.100 0.169 0.4787
2.335 0.100 0.174 0.4979
2.408 0.100 0.179 0.5167
2.481 0.100 0.185 0.5350
2.554 0.100 0.190 0.5528
2.627 0.100 0.195 0.5701
2.700 0.100 0.200 0.5869
2.773 0.100 0.205 0.6032
2.846 0.100 0.210 0.6190
2.919 0.100 0.216 0.6343
2.992 0.100 0.221 0.6491
3.065 0.100 0.226 0.6634
3.138 0.100 0.231 0.6772
3.211 0.100 0.236 0.6905
3.284 0.100 0.241 0.7033
3.357 0.100 0.246 0.7157
3.430 0.100 0.251 0.7276
3.503 0.100 0.256 0.7391
3.576 0.100 0.262 0.7501
>3.649 0.100 0.267 1.0000

Mean catch = 0.1765

Variance = 0.00555

Standard deviation = 0.07448

% time no catch = 0.0%

Median population size = 2.335

0.5 = 1.56%

1.0 = 10.69%

Expected catch is roughly 0.074 x population

1

% time population is

<
% time population is <

if population is greater tham 0.073.



Table 1 (c).—--Total economic return, effort restricted to be no

greater than O.l.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution

.0000
.0002
.0011
.0032
.0071
.0129
.0207
.0304
.0419
.0551
L0698
.0858

0.073
.146
.219
.292
.365
.438
.511
.584
.657
.730
.803
.B76

0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.000 0.000 0
0 0.044 0.023 0
0 0.100 0.056 0
0 0.100 0.062 0
0 0.100 0.067 0
0.949 0.100 0.073 0.1030
1.022 0.100 0.078 0.1212
1.095 0.100 0.084 0.1403
1.168 0.100 0.089 0.1601
1.241 0.100 0.09%4 0.1806
1.314 0.100 0.100 0.2015
1,387 0.100 0.105 0.2228
1.460 0.100 0.111 0.2444
1.533 0.100 0.116 0.2661
1.606 0.100 0.122 0.2879
1.679 0.100 0.127 0.3097
1.752 0.100 0.132 0.3314
1.824 0.100 0.137 0.3530
1.897 0.100 0.143 0.3744
1.970 0.100 0.148 0.3955
2,043 0.100 0.153 0.4163
2.116 0.100 0.158 0.4368
2.189 0.100 0.164 0.4569



Table 1 {c)--—Continued.

State Optimal Expected Stationary
(tons x 10°) effort cateh distribution
2.262 0.100 0.169 0.4766
2.335 0.100 0.174 0.4959
2.408 0.100 0.179 0.5147
2.481 0.100 0.185 0.5331
2.554 0.100 0.190 0.5510
2.627 0.100 0.195 0.5684
2.700 0.100 0.200 0.5853
2.773 0.100 0.205 0.6017
2.846 0.100 0.210 0.6176
2.919 0.100 0.216 0.6330
2,992 0.100 0.221 0.6479
3.065 0.100 0.226 0.6623
3.138 0.100 0.231 0.6762
3.211 0.100 0.236 0.6896
3.284 0.100 0.241 0.7025
3.357 0.100 0.246 0.7149
3.430 0.100 0.251 0.7269
3.503 0.100 0.256 0.7384
3.576 0.100 0.262 0.7495
>3.649 0.100 0.267 1.0000

Mean catch = 0.1756

Variance = 0.00586

Standard deviation = 0.07658

% time no catch = 3,047

Median population size = 2.335

0.5 = 1.29%

% time population is <
% time population is < 1.0 = 10.30%



Table 1 (d).--Total discounted harvest and total economic return,
effort restricted to be no more than 0.1, no harvesting if population

size is less than 1 million tons.

Mean harvest = 0.1729
Variance = 0.00691

Standard deviation = 0.08310
% time no harvest = 9.59%

Median population size = 2.335

% time population is < 0.5 = 1.05%
% time population is < 1.0 = 9.59%



Table 1 (e).--Total discounted harvest, effort restricted to be

no greater than 0.2.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0000
0.146 0.000 0.000 0.0009
0.219 0.000 0.000 0.0042
0.292 0.000 0.000 0.0107
0.365 0.200 (0.055 0.0204
0.438 0.200 0.065 0.0330
0.511 0.200 0.076 0.0480
0.584 0.200 0.087 0.0651
0.657 0.200 0.098 0.0840
0.730 0.200 0.108 0.1043
0.803 0.200 0.119 0.1258
0.876 0.200 0.129 0.1482
G.949 0.200 0.140 0.1713
1.022 0.200 0.150 0.1949
1.095 0.200 0.16l 0.2189
1.168 0.200 0.171 0.2430
1.241 0.200 0.182 0.2672
0.314 0.200 0.192 0.2914
1.387 0.200 0.203 0.3154
1.460 0.200 0.213 0.3392
1.533 0.200 0.223 0.3627
1.606 0.200 0.234 0.3858
1.679 0.200 0.244 0.4085
1.752 0.200 0.254 0.4308
1.824 0.200 0.264 0.4526
1.897 0.200 0.274 0.4738
1.970 0.200 0.285 0.4945
2.043 0.200 0.295 0.5146
2.116 0.200 .305 0.5342



Tablie 1 (e).——Continued.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
2.189 0.200 0.315 0.5532
2.262 0.200 0.325 0.5716
2.335 0.200 0.335 0.589%4
2.408 0.200 (.345 0.6066
2.481 0.200 0.355 0.6232
2.554 0.200 0.365 0.6392
2.627 0.200 0.375 0.6546
2.700 0.200 0.385 0.6695
2.773 0.200 0.395 0.6838
2.846 0.200 0.405 0.6976
2.919 ¢.200 0.415 0.7108
2.992 (0.200 0.425 0.7235
3.065 0.200 0.435 0.7357
3.138 0.200 0.444 0.7474
3.211 0.200 0.454 0.7586
3.284 ¢.200 0.464 0.7693
3.357 0.200 0.474 0.7796
3.430 0.200 0.484 0.7895
3.503 0.200 0.494 0.7989
3.576 0.200 0.503 0.8079
>3.649 0.200 0.513 1.0000

Mean catch = 0.3055
Variance = 0.02217

Standard deviation = 0.14890
% time no catch = 1.07%

Median population size = 1.970

% time population is < 0.5 = 3.3%
% time population is < 1.0 = 17.13%



Table 1 (f).--Total discounted harvest, effort restricted to be no
greater than 0.2, no harvest if population size is less than

1 million tons.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0000
0.146 0.000 0.000 0.0002
0.219 0.000 0.000 0.0014
0.292 0.000 0.000 0.0043
0.365 0.000 0.000 0.0095
0.438 0.000 0.000 0.0175
0.511 0.000 0.000 0.0283
0.584 0.000 0.000 0.0418
0.657 0.000 0.000 0.0577
0.730 0.000 0.000 0.0758
0.803 0.000 0.000 0.0957
0.876 0.000 0.000 0.1171
0.949 0.000 0.000 0.1396
1.022 0.200 0.150 0.1630
1.095 0.200 0.161 0.1871
1.168 0.200 0.171 0.2116
1.241 0.200 0.182 0.2363
1.314 0.200 0.192 0.2611
1.387 0.200 0.203 0.2859
1.460 0.200 0.213 0.3105
1.533 0.200 0.223 0.3349
1.606 0.200 0.234 0.3589
1.679 0.200 0.244 0.3825
1.752 0.200 0.254 0.4057
1.824 0.200 0.264 0.4284
1.897 0.200 0.274 0.4506
1.970 0.200 0.285 0.4722
2.043 0.200 0.295 0.4932



Table 1 (£f).—-~Continued.

State Optdimal Expected Stationary
{tons x 10°) effort catch distribution
2.116 0.200 0.305 0.5136
2.189 0.200 0.315 0.5334
2.262 0.200 0.325 0.5526
2.335 0.200 0.335 0.5712
2.408 0.200 0.345 0.5891
2.481 0.200 0.355 0.6064
2.554 0.200 0.365 0.6231
2.627 0.200 0.375 0.6392
2.700 0.200 0.385 0.6547
2.773 0.200 0.395 0.6696
2.846 0.200 0.405 0.6840
2.919 0.200 0.415 0.6978
2.992 0.200 0.425 0.7111
3.065 0.200 0.434 0.7238
3.138 0.200 0.444 0.7360
3.211 0.200 0.454 0.7477
3.284 0.200 0.464 0.7589
3.357 0.200 0.474 0.7697
3.430 0.200 0.484 0.7800
3.503 0,200 0.494 0.7899
3.576 0.200 0.503 0.7993
>3.649 0.200 0.513 1.0000

Mean catch = 0.3008

Variance = 0.02812

Standard deviation = 0.16769

% time no harvest = 13.96%

Median population size = 2.043

% time population is < 0.5 = 1.75%
13.967%

% time population is < 1.0



Table 1 (g).-~Total discounted economic value, effort restricted to be

no greater tham 0.2.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0000
0.146 0.000 0.000 0.0003
0.219 0.000 0.000 0.0016
0.292 0.000 0.000 0.0049
0.365 0.000 0.000 0.0108
0.438 0.000 0.000 0.0197
0.511 0.000 0.000 0.0315
0.584 0.000 0.000 0.0460
0.657 0.000 0.000 0.0629
0.730 0.000 0.000 0.0818
0.803 0.048 0.050 0.1024
0.876 0.124 0.082 0.1243
0.949 0.188 0.132 0.1472
1.022 0.200 0.150 0.1709
1.095 0.200 0.161 0.1951
1.168 0.200 0.171 0.2197
1.241 0.200 0.182 0.2444
1.314 0.200 0.192 0.2692
1.387 0.200 0.203 0.2939
1.460 0.200 0.213 0.3184
1.533 0.200 0.223 0.3426
1.606 0.200 0.234 0.3664
1.679 0.200 0.244 0.3898
1.752 0.200 0.254 0.4127
1.824 0.200 0.264 0.4351
1.897 0.200 0.274 0.4570
1.970 0.200 0.285 0.4783
2.043 0.200 0.295 0.4991
2.116 0.200 0.305 0.5193
2.189 0,200 0.315 0.5389



Table 1 (g).——Continued.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution
2.262 0.200 0.325 0.5579
2.335 0.200 0.335 0.5762
2.408 G.200 0.345 0.5939
2.481 0.200 0.355 0.6110
2.554 G.200 0.365 0.6275
2.627 0.200 0.375 0.6434
2.700 0.200 0.385 0.6587
2.773 0.200 6.395 0.6735
2.846 0.200 0.405 0.6877
2.919 0.200 0.415 0.7013
2.992 0.200 0.425 0.7144
3.065 0.200 0.435 0.7270
3.138 0.200 0.444 0.7391
3.211 0.200 0.454 0.7507
3.284 0.200 0.464 0.7618
3.357 0.200 0.474 0.7724
3.430 0.200 0.484 0.7826
3.503 0.200 0.494 0.7923
3.576 0.200 0.503 0.8016
>3.649 0.200 0.513 1.0000

Mean catch = 0.3031

Variance = 0.02593

Standard deviation = 0.16103

% time mo catch = 8.18%

Median population size = 2.043
1.97%
14.72%

% time population is <
<

]

% time population is



Table 1 (h) .--Total discounted economic value, effort restricted to
be greater than 0.2, no harvest if population is less than

1 million tons

State Optimal Expected Stationary
(tons x 10%) effort catch distributicon
0.073 0.000 ¢.000 0.0000
0.146 0.000 0.000 0.0002
0.219 0.000 0.000 0.0014
0.292 0.000 0.000 0.0043
0.365 0.000 0.000 0.0095
0.438 0.000 0.000 0.0175
0.511 0.000 0.000 0.0283
0.584 0.000 0.000 0.0418
0.657 0.000 0.000 0.0577
0.730 0.000 0.000 0.0758
0.803 0.000 0.000 0.0957
0.876 0.000 0.000 0.1171
0.949 0.000 0.000 0.1396
1.022 0.200 0.150 0.1630
1.095 0.200 0.161 0.1871
1.168 0.200 0.171 0.2116
1.241 0.200 0.182 0.2363
1.314 0.200 0.192 0.2611
1.387 0.200 0.203 0.2859
1.460 0.200 0.213 0.3105
1.533 0.200 0.223 0.3349
1.606 0.200 0.234 0.3589
1.679 0.200 0.244 0.3825
1.752 0.200 0.254 0.4057
1.824 0.200 0.264 0.4284
1.897 0.200 0.274 0.4506
1.970 0.200 0.285 0.4722
2.043 0.200 0.295 0.4932



Table 1 (h).——Continued.

State Optimal Fxpected Stationaty
(tons x 10°%) effort catch distribution
2.116 0.200 (.305 0.5136
2,184 0.200 ¢.315 0.5334
2.262 .200 0.325 0.5526
2.335 0.200 0.335 0.5712
2.408 0.200 0.345 0.5891
2.481 0.200 0.355 0.6064
2.554 0.200 0.365 0.6231
2.627 0.200 0.375 0.6392
2.700 0.200 0.385 0.6547
2.773 0.200 0.385 0.6696
2.846 ¢.200 G.405 0.6840
2.919 0.200 0.415 0.6978
2,992 0.200 0.425 0.7111
3.065 0.200 0.435 0.7238
3.138 0.200 0.444 0.7360
3.211 0.200 0.454 0.7477
3.284 0.200 0.464 0.7589
3.357 0.200 0.474 0.7697
3.430 0.200 0.484 0.7800
3.503 0.200 0.494 9.7899
3.576 0,200 0.503 0.7693
>3.649 0.200 0.513 1.0000

Mean catch = 0.3008

Variance = 0.02812

Standard deviation = 0.16769

%Z time no catch = 13.96%

Median population size = 2.043
1.75%
13.96%

%4 time population is < 0.5

% time population is < 1.0



Table 1 (1).--Total discounted harvest, effort restricted to be no

greater than 0.4.

State Optimal Expected Stationary
(tons x 10°) effort catch distribution
0.073 0.000 0.000 0.0001
0.146 0.000 0.000 0.0017
0.219 0.000 0.000 0.0072
0.292 0.000 0.000 0.0183
0.365 0.000 0.000 0.0353
0.438 0.000 0.000 0.0576
0.511 0.000 0.000 0.0840
0.584 0.000 0.000 0.1134
0.657 0.056 0.029 0.1447
0.730 0.320 0.166 0.1771
0.803 0.400 0.221 0.2100
0.876 0.400 0.241 0.2428
0.949 0.400 0.260 0.2752
1.022 0.400 0.280 0.3070
1.095 0.400 0.299 0.3380
1.168 0.400 0.319 0.3680
1.241 0.400 0.338 0.3970
1.314 0.400 0.357 0.4250
1.387 0.400 0.377 0.4519
1.460 0.400 0.396 0.4778
1.533 0.400 0.415 0.5026
1.606 0.400 0.434 0.5264
1.679 0.400 0.453 0.5491
1.752 0.400 0.472 0.5708
1.824 0.400 0.491 0.5916
1.897 0.400 0.510 0.6114
1.970 0.400 0.528 0.6303
2.043 0.400 0.547 0.6484
2.116 0.400 0.567 0.6656



Table 1 (i) .——Continued.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
2.189 0.400 0.585 0.6820
2.262 0.400 0.604 0.6976
2.335 0.400 0.623 0.7125
2.408 0.400 0.641 0.7267
2.481 0.400 0.660 0.7402
2.554 0.400 0.678 0.7530
2.627 0.400 0.697 0.7652
2.700 0.400 0.715 0.7768
2.773 0.400 0.734 0.7878
2.846 0.400 0.752 0.7983
2.919 0.400 0.770 0.8083
2.992 0.400 0.789 0.8178
3.065 0.400 0.807 0.8268
3.138 0.400 0.825 0.8354
3.211 0.400 0.843 0.8435
3.284 0.400 0.861 0.8512
3.357 0.400 0.880 0.8585
3.430 0.400 0.898 0.8655
3.503 0.400 0.916 0.8721
3.576 0.400 0.934 0.8784
>3.649 0.400 0.952 1.0000

Mean catch = 0.4600

Variance = 0.08860

Standard deviation = 0,29766

% time no catch = 11.34%

Median population size = 1.533

0.5 = 5.76%

% time population is <
% time population is < 1.0 = 27.52%



Table 1l (j).--Total discounted harvest, effort restricted to be no
greater than 0.4, no harvest allowed if population is less than

1l million tons.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0001
0.146 0.000 0.000 0.0013
0.219 0.000 0.000 0.0053
0.292 0.000 0.000 0.0134
0.365 0.000 0.000 0.0261
0.438 0.000 0.000 0.0434
0.511 0.000 0.000 0.0648
0.584 0.000 0.000 0.0897
0.657 0.000 0.000 0.1174
0.730 0.000 0.000 0.1471
0.803 0.000 0.000 0.1781
0.876 0.000 C.000 0.2099
0.949 0.000 0.000 0.2419
1.022 0.400 0.280 0.2738
1.095 0.400 0.300 0.3054
1.168 0.400 0.319 0.3363
1.241 0.400 0.338 0.3665
1.314 0.400 0.357 0.3958
1.387 0.400 0.377 0.4241
1.460 0.400 0.396 0.4514
1.533 0.400 0.415 0.4776
1.606 0.400 0.434 0.5028
1.679 0.400 0.453 0.5269
1.752 0.400 0.472 0.5500
1.824 0.400 0.491 0.5720
1.897 0.400 0.510 0.5930
1.970 0.400 0.529 0.6131
2.043 0.400 0.547 0.6322
2.116 0.400 0.567 0.6504



Table'l (j).-—Ceontinued.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution
2.189 0.400 0.585 0.6678
2.262 0.400 0.604 0.6843
2.335 0.400 0.623 0.7000
2.408 0.400 0.641 0.7150
2.481 0.400 0.660 0.7292
2.554 0.400 0.678 0.7427
2.627 0.400 0.697 0.7555
2.700 0.400 0.715 0.7677
2.773 0.400 0.734 0.7793
2.846 0.400 0.752 0.7903
2.919 0.400 0.770 0.8008
2.992 0.400 0.789 0.8107
3.065 0.400 0.807 0.8201
3.138 0.400 0.825 0.8291
3.211 0.400 0.843 0.8376
3.284 0.400 0.861 0.8457
3.357 0.400 0.880 0.8534
3.430 0.400 0.898 0.8607
3.503 0.400 0.916 0.8676
3.576 0.400 0.934 0.8742
>3.649 0.400 0.952 1.0000

Mean catch = 0.4501
Variance = 0.10431

Standard deviation = 0.32297
% time no catch = 24,19%

Median population size = 1.606
% time population is < 0.5 = 4.34%
% time population is < 1.0 = 24.19%



Table 1l (k}.~~Total discounted economic value, effort restricted to be

no greater than 0.4.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 (.0001
0.146 0.000 0.000 0.0011
0.219 0.000 0.000 0.0046
0.292 0.000 0.000 0.0116
0.365 0.000 0.000 0.0227
0.438 0.000 0.000 0.0380
0.511 0.000 0.000 0.0572
0.584 0.000 0.000 0.0798
0.657 0.000 0.000 0.1051
0.730 ¢.000 0.000 0.1325
0,803 0.000 0.000 0.1614
0.876 0.056 0.038 0.1914
G.949 0.120 0.086 0.2218
1.022 0.176 0.134 0.2524
1.095 0.216 0.173 0.2828
1.168 0.256 0.215 0.3128
1.24] 0.280 0.247 0.3423
1.314 0.304 0.281 0.3711
1.387 0.328 0.317 0.3991
1.460 0.344 0.347 0.4262
1.533 0.352 0.372 0.4524
1.606 0.360 0.396 0.4776
1.679 0.368 0.422 0.5019
1.752 0.376 0.448 0.5252
1.824 0.384 0.474 0.5476
1.897 0.384 0.492 0.569%0
1.970 0.384 0.511 0.5895
2.043 0.392 0.538 0.6091
2.116 0.392 0.557 0.6278



Table 1 (k).—-Continued.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution
2.189 0.392 0.575 0.6457
0.262 0.384 0.583 0.6628
2.335 0.384 0.601 0.6791
2.408 0.384 0.619 0.6946
2.481 0.384 0.637 0.7094
2.554 0.384 0.655 0.7235
2.627 0.376 0.661 0.7369
2,700 0.376 0.678 0.7497
2.773 0.368 0.683 0.7619
2.846 0.368 0.700 0.7735
2.919 0.368 0.717 0.7845
2.992 0.360 0.720 0.7950
3.065 0.360 0.737 0.8050
3.138 0.352 0.739 0.8145
3.211 0.352 0.755 0.8235
3.284 0.352 0.772 0.8321
3.357 0.344 0.772 0.8403
3.430 0.344 0.788 0.8481
3.503 0.336 0.788 0.8555
3.576 0.336 0.803 0.8625
>3.649 0.336 0.819 1.0000

Mean catch = 0.4184

Variance = 0.08364

Standard deviation = 0.28921

%# time no catch = 16.14%

Median population size = 1.679

# time population is < 0.5 = 3.8%
22.187

% time population is < 1.0



Table 1 (4).--Total discounted economic value, effort restricted to be

no greater than 0.4, no harvest if population less than 1 mitlion tonms.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0001
0.146 0.000 0.000 0.0011
0.219 0.000 0.000 0.0045
0.292 0.000 0.000 0.0113
0.365 0.000 0.000 0.0221
0.438 0.000 0.000 0.0370
0.511 0.000 0.000 0.0557
0.584 0.000 0.000 0.0777
0.657 0.000 G.000 0.1025
0.730 0.000 0.000 0.1295
0.803 0.000 0.000 0.1581
0.876 G.000 ¢.000 0.1877
0.949 0.000 0.000 0.2179
1.022 0.176 0.134 0.2484
1.095 0.216 0.172 0.2788
1.168 0.256 0.215 0.3088
1.241 0.280 0.247 0.3383
1.314 0.304 0.281 0.3671
1.387 0.328 0.317 0.3952
1.460 0.344 0.347 0.4224
1.533 0.352 0.372 0.4487
1.606 0.360 0.396 0.4741
1.679 0.368 0.422 0.4985
1.752 0.376 0.448 0.5220
1.824 0.384 0.474 0.5445
1.897 0.384 0.492 0.5661
1.970 0.384 0.511 0.5868
2.043 0.392 0.538 0.6066
2.116 0.392 0.557 0.6255



Table 1 (L) .--Continued.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
2.189 0.392 0.575 0.6435
2.262 0.384 0.583 0.6607
2.335 0.384 0.601 0.6771
2.408 0.384 0.619 0.6927
2.481 0.384 0.637 0.7076
2.554 0.376 0.655 0.7218
2.627 0.376 0.661 0.7353
2.700 0.376 0.678 0.7482
2.773 0.368 0.683 0.7605
2.846 0.368 0.700 0.7722
2.919 0.368 0.717 0.7833
2.992 0.360 0.720 0.7939
3.065 0.360 0.737 0.8040
3.138 0.352 0.739 0.8136
3.211 0.352 0.755 0.8227
3.284 0.352 0.772 0.8314
3.357 0.344 0.772 0.8396
3.430 0.344 0.788 0.8474
3.503 0.336 0.788 0.8548
3.576 0.336 0.803 0.8619
>3.649 0.336 0.819 1.0000

Mean catch = 0.4168

Variance = 0.08600

Standard deviation = 0.29322

%Z time no catch = 21.79%

Median population size = 1.679
5=3.7%
21.79%

% time population is

<
%4 time population is <



Table 1 (m).,--Total discounted harvest, effort restricted to be no

greater than 0.6.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0003
0.146 ¢.000 0.000 0.0023
0.219 0.000 0.000 0.0083
0.292 0.000 0.000 0.0202
0.365 0.000 0.000 0.0385
0.438 0.000 0.000 0.0630
0.511 0.000 0.000 0.0927
0.584 0.000 0.000 0.1265
0.657 0.000 0.000 0.1631
0.730 0.000 0.000 0.2013
0.803 0.000 0.000 0.2403
0.876 0.072 0.049 0.2792
0.949 0.264 0.180 0.3175
1.022 0.444 0.306 0.3548
1.095 0.600 0.419 0.3908
1.168 0.600 0.446 0.4253
1.241 0.600 0.473 0.4582
1.314 0.600 0.500 0.4895
1.387 0.600 0.527 0.5191
1.460 0.600 0.554 0.5471
1.533 0.600 0.581 0.5735
1.606 0.600 0.607 0.5984
1.679 0.600 0.634 0.6218
1.752 0.600 0.660 0.6438
1.824 0.600 0.687 0.6645
1.897 0.600 0.713 0.6839
1.970 0.600 0.740 0.7022
2.043 0.600 0.766 0.7194
2.11s 0.600 0.792 0.7355



Table I {m).--Continued.

State Optimal Expected Stationary
(tons x 10%) effort catch distribution
2.189 0.600 0.818 0.7506
2.262 0.600 0.844 0.7648
2.335 0.600 0.870 0.7782
2.408 0.600 0.896 0.7908
2.481 0.600 0.922 0.8026
2.554 0.600 0.948 0.8137
2.627 0.600 0.974 0.8242
2.700 0.600 0.999 0.8340
2.773 0.600 1.025 0.8433
2.846 0.600 1.050 0.8520
2.919 0.600 1.076 0.8602
2,992 0.600 1.102 0.8679
3.065 0.600 1.127 0.8752
3.138 0.600 1.152 0.8820
3.211 0.600 1.178 0.8884
3.284 0.600 1.203 0.8945
3.357 0.600 1.228 0.9002
3.430 0.600 1.253 0.9056
3.503 0.600 1.279 0.9107
3.576 0.600 1.304 0.9155
>3.649 0.600 1.329 1.0000

Mean catch = 0.5348
Variance = 0.18809
Standard deviation = 0.43369
% time no catch = 24.03%
Median population size = 1,387
6.3%
% time population is < 1.0 = 31.75%
For x > 1.095, expected catch is roughly 0.356x + 0.029

L]

% time population is < 0.5

I



Table 1 (n) .~-Total discounted harvest, effort restricted to be no
greater than 0.6, no harvesting allowed if population is less than

1 million tons.

State Optimal Expected Stationary
(tons x 10°) effort catch distribution
0.073 0.000 0.000 0.0003
0.146 0.000 0.000 0.0022
0.219 0.000 0.000 0.0080
0.292 0.000 0.000 0.0194
0.365 0.000 0.000 0.0369
0.438 0.000 0.000 0.0603
0.511 0.000 0.000 0.0888
0.584 0.000 0.000 0.1214
0.657 0.000 0.000 0.1569
0.730 0.000 0.000 0.1942
0.803 0.000 0.000 0.2324
0.876 0.000 0.000 0.2708
0.949 0.000 0.000 0.3088
1.022 0.444 0.306 0.3459
1.095 0.600 d.419 0.3819
1.168 0.600 0.446 0.4165
1.243 0.600 0.473 0.4496
1.314 0.600 0.500 0.4811
1.387 0.600 0.527 0.5110
1.460 0.600 0.554 0.5393
1.533 0.600 0.581 0.5660
1.606 0.600 0.607 0.5912
1.679 0.600 0.634 0.6150
1.752 ¢.600 0.660 0.6374
1.824 0.600 0.687 0.6584
1.897 0.600 0.713 0.6782
1.970 0.600 0.740 0.6968
2.043 0.600 C.766 0.7143
2.116 0.600 0.792 0.7307



Tablel (n) .-—Continued.

State Optimal Expected Stationary
(tons x 10°) effort catch distribution
2.189 0.600 0.818 0.7461
2.262 0.600 0.844 0.7606
2.335 0.600 0.870 0.7742
2.408 0.600 0.896 0.7870
2.481 0.600 0.922 0.7990
2.554 0.600 0.948 0.8103
2.627 0.600 0.974 0.8209
2.700 0.600 0.999 0.8309
2.773 0.600 1.025 0.8403
2.846 0.600 1.050 0.8492
2,919 0.600 1.076 0.8575
2.992 0.600 1.102 0.8654
3.065 0.600 1.127 0.8728
3.138 0.600 1.152 0.8798
3.211 0.600 1.178 0.8864
3.284 0.600 1.203 0.8926
3.357 0.600 1.228 0.8984
3.430 0.600 1.253 0.9039
3.503 0.600 1.279 0.9091
3.576 0,600 1.304 0.9140
>3.649 0.600 1.329 1.0000

Mean catch = 0.5337

Variance = 0.19546

Standard deviation = 0.442113

% time no catch = 30.88%

Median population size = 1,387
6.03%
30.88%

% time population is

h
% time population is < 1.0



Table 1l (o) .,-~Total discounted economic return, effort restricted

to be no greater than 0.6.

State Optimal Expected Stationary
(tons x 10°) effort catch distribution
0.073 0.000 0.000 0.0001
0.146 0.000 0.000 0.0011
0.219 0.000 0.000 0.0046
0.292 0.000 0.000 0.0116
0.365 0.000 0.000 0.0227
(.438 0.000 0.000 0.0380
0.511 0.000 0.000 0.0572
0.584 0.000 0.000 0.0797
0.657 0.000 0.000 0.1050
0.730 0.000 0.000 0.1324
0.803 0.000 0.000 0.1613
0.876 0.060 0.041 0.1912
0.949 0.120 0.086 0.2216
1.022 0.168 0.128 0.2521
1.095 0.216 0.173 0.2825
1.168 0.252 0.212 0.3125
1.241 0.288 0.253 0.3419
1.314 0.312 0.288 0.3706
1.387 0.324 0.314 0.3985
1.460 0.336 0.340 0.4256
1.533 0.360 0.368 0.4518
1.606 0.360 0.396 0.4770
1.679 0.372 0.426 0.5013
1.752 0.372 0.444 0.5246
1.824 0.384 0.474 0.5270
1.897 0.384 0.492 0.5484
1.970 0.384 0.511 0.5689
2.043 0.384 0.529 0.5885
2.116 0.384 0.547 0.6072



Table 1 (o) .—=Continued.

State Optimal Expected Stationary
(tons x 10°%) effort catch distribution
2.189 0.384 0.565 0.6251
2.262 0.384 0.583 0.6422
2.335 0.384 0.601 0.6585
2.408 0.384 0.619 0.6740
2,481 0.384 0.637 0.6888
2.554 0.384 0.655 0.7029
2.627 0.372 0.655 0.7164
2.700 0.372 0.672 0.7292
2.773 0.372 0.689 0.7414
2.846 0.372 0.706 0.7530
2.919 0.360 0.703 0.7641
2,992 0.360 0.720 0.7746
3.065 0.360 0.737 0.7846
3.138 0.360 0.754 0.7941
3.211 0.348 0.748 0.8032
3.284 0.348 0.764 0.8118
3.357 0.348 0.780 0.8200
3.430 0.348 0.796 0.8278
3.503 0.336 0.788 0.8352
3.576 0.336 0.803 0.8422
>3.649 0.336 0.819 1.0000

Mean catch = 0.4181
Variance = 0.08349
Standard deviation = 0.28895

% time no catch = 16.137%

Median population size = 1.679
% time population is < 0.5 = 3.8%
% time population is < 1.0 = 22.16%



Table 1 (p).--Total discounted economic value, effort restricted to be
no greater than 0.6, no harvesting if population is less than

1 million tons.

State Optimal Expected Stationaty
(tons x 10%) effort catch distribution
0.073 0.000 0.000 0.0001
0.146 0.000 0.000 0.0011
0.219 0.000 ©.000 0.0045
0.292 0.000 0.000 0.0113
0.365 0.000 0.0600 0.0221
0.438 0.000 0.000 0.0369
0.511 0.000 0.000 0.0555
0.584 0.000 0.000 0.0775
0.657 0.000 0.000 0.1023
0.730 0.000 0.000 0.1292
0.803 0.000 0.000 0.1577
0.876 0.000 0.000 0.1863
0.949 0.000 0.000 0.2165
1.022 0.168 0.128 0.2469
1.095 0.216 0.173 0.2772
1.168 0.252 0.212 0.3072
1.241 0.288 0.253 0.3367
1.314 0.312 0.288 0.3655
1.387 0.324 0.314 0.3936
1.460 0.336 0.340 0.4208
1.533 0.348 0.368 0.4471
1.606 0.360 0.396 0.4725
1.679 0.372 0.426 0.4969
1.752 0.372 0.444 0.5204
1.824 0.384 0.474 0.5429
1.897 0.384 0.492 0.5645
1.970 0.384 0.511 0.5852
2.043 0.384 0.529 0.6050
2,116 0.384 0.547 0.6239



Table 1 (p) .——Continued.

State Optimal Expected Stationary
(tons x 105) effort catch distribution
2.189 0.384 0.565 0.6419
2.262 0.384 0.583 0.6591
2.335 0.384 0.601 0.6755
2.408 0.384 0.619 0.6912
2.481 0.384 0.637 0.7061
2.554 0.384 0.655 0.7203
2.627 0.372 0.655 0.7338
2.700 0.372 0.672 0.7467
2.773 0.372 0.689 0.7590
2.846 0.372 0.706 0.7707
2.919 0.360 0.703 0.7818
2.992 0.360 0.720 0.7924
3.065 0.360 0.737 0.8025
3.138 0.360 0.754 0.8121
3.211 0.348 0.748 0.8212
3.284 0.348 0.764 0.8299
3.357 0.348 0.780 0.8381
3.430 0.348 0.796 0.8459
3.503 0.336 0.788 0.8533
3.576 0.336 0.803 0.8604
>3.649 0.336 0.819 1.0000

Mean catch = 0.4164

Variance = 0.08601

Standard deviation = 0.29328

%z time no catch = 21.65%

Median population size = 1.679

0.5 = 3.69%
1 21.65%

% time population is

o
fl

<
% time population is <



Table 2.--Statistics for present anchovy management alternatives

(from Pacific Fishery Management Council 1978).

Policy

1 2 3 4 5 6

# time population is

< 0.5 3.4% L.4% 5.17% 3.0% 8.5% 9.6%

% time population is

< 1.0 16.1% 20.0%Z 20,87 14.1%  30.3%  32.3%

% time no fishery 16.1% 20.0% 5.1%2 14,1% 30.3% 9.6%






